D. Eppel, M. Rudolph, F. Rominger, A. S. K. Hashmi, *ChemSusChem* **2020**, *13*, 1986.

With the first synthesis of a \[C\^N\^C\]Au^III^Cl complex by Che and co‐workers in 1998, a fast rise of research concerning this privileged motif in gold(III) chemistry started.[1](#cssc202000310-bib-0001){ref-type="ref"} Complexes with these tridentate ligands represent the most actively explored structure in the field of gold pincer complexes.[2](#cssc202000310-bib-0002){ref-type="ref"} By displacement of the chloride ligand with different phosphines,[1](#cssc202000310-bib-0001){ref-type="ref"} N‐heterocyclic carbenes (NHCs),[1](#cssc202000310-bib-0001){ref-type="ref"}, [3](#cssc202000310-bib-0003){ref-type="ref"} thiolates,[1](#cssc202000310-bib-0001){ref-type="ref"}, [4](#cssc202000310-bib-0004){ref-type="ref"} alkyl‐groups,[5](#cssc202000310-bib-0005){ref-type="ref"} or acetylides[6](#cssc202000310-bib-0006){ref-type="ref"}, [7](#cssc202000310-bib-0007){ref-type="ref"}, [8](#cssc202000310-bib-0008){ref-type="ref"}, [9](#cssc202000310-bib-0009){ref-type="ref"}, [10](#cssc202000310-bib-0010){ref-type="ref"} compounds with interesting photo‐physical properties, such as intense photoluminescence, were synthesized. Aryl‐substituted \[C\^N\^C\]Au^III^ complexes were already applied as phosphorescent dopants in the fabrication of solution‐processable and vacuum‐deposited organic light‐emitting devices (OLEDs).[11](#cssc202000310-bib-0011){ref-type="ref"}, [12](#cssc202000310-bib-0012){ref-type="ref"}, [13](#cssc202000310-bib-0013){ref-type="ref"}, [14](#cssc202000310-bib-0014){ref-type="ref"} Complexes bearing a triazine scaffold in combination with an aryl‐substitution showed thermally stimulated delayed phosphorescence, which makes them promising candidates for phosphorescent dopants for OLEDs (PHOLEDs).[15](#cssc202000310-bib-0015){ref-type="ref"} Moreover, the cytotoxicity of various complexes towards different tumor cells proved to be very efficient. Especially, positively charged \[C\^N\^C\]Au^III^(NHC) complexes were tested as anticancer agents with potentially low drug resistance for multiple molecular targets.[4](#cssc202000310-bib-0004){ref-type="ref"}, [16](#cssc202000310-bib-0016){ref-type="ref"}, [17](#cssc202000310-bib-0017){ref-type="ref"}, [18](#cssc202000310-bib-0018){ref-type="ref"}, [19](#cssc202000310-bib-0019){ref-type="ref"}, [20](#cssc202000310-bib-0020){ref-type="ref"}, [21](#cssc202000310-bib-0021){ref-type="ref"}

Even though more than 50 publications on \[C\^N\^C\]gold(III) complexes exist, so far always the same synthetic access to the complexes is applied, a process which uses highly toxic mercury(II) acetate as reactant. In this approach, 2,6‐diaryl pyridines are directly metalated with mercury(II) acetate. A transmetallation reaction from the organo mercury compound to potassium tetrachloroaurate in refluxing acetonitrile then leads to the corresponding \[C\^N\^C\]Au^III^Cl complex, followed by a CH‐activation step of the second arene moiety (Scheme [1](#cssc202000310-fig-5001){ref-type="fig"} a).[11](#cssc202000310-bib-0011){ref-type="ref"} The product is accompanied by *stoichiometric* amounts of the undesired mercury(II) chloride, a highly toxic waste. In addition, because of their excellent lipid solubility, unreacted organic mercury compounds can cause acute toxic effects.[22](#cssc202000310-bib-0022){ref-type="ref"} To circumvent these drawbacks, we considered an alternative synthetic route, which installs the aryl--gold bond by a recently developed oxidative addition step instead of the transmetallation.

![Synthetic strategies towards \[C\^N\^C\]gold(III) and gold(III)\[C\^N\] complexes.](CSSC-13-1986-g002){#cssc202000310-fig-5001}

Diazonium salts can efficiently oxidize gold(I) species, and the formation of arylgold(III) species as intermediates in catalytic cycles as well as in stoichiometric reactions were reported. This reaction behavior was already exploited to get access to a variety of gold(III)chelate complexes. A visible‐light‐promoted photo‐redox protocol for the oxidative addition of a 2‐(pyridin‐2‐yl)benzenediazonium salt to either phosphine or N‐heterocyclic carbene gold(I)complexes delivered \[C\^N\]gold(III)complexes in good yields. Still two drawbacks for this reaction exist. At first, the source of gold(I), which is always equipped with a strongly binding ligand and secondly, the use of an expensive photo‐catalyst like \[Ru(bpy)~3~\](BF~4~) (Scheme [1](#cssc202000310-fig-5001){ref-type="fig"} b).[23](#cssc202000310-bib-0023){ref-type="ref"} In our group, we developed alternative protocols for a photosensitizer‐free, photochemical generation of arylAu^III^ intermediates from diazonium salts and gold(I) complexes and investigated their catalytic behavior.[24](#cssc202000310-bib-0024){ref-type="ref"}, [25](#cssc202000310-bib-0025){ref-type="ref"}, [26](#cssc202000310-bib-0026){ref-type="ref"}, [27](#cssc202000310-bib-0027){ref-type="ref"}, [28](#cssc202000310-bib-0028){ref-type="ref"} In continuation of this work, we herein report the first entry to a mercury‐free synthesis of \[C\^N\^C\]Au^III^Cl complexes starting from diazonium salts and dimethyl sulfide‐gold(I) chloride complex (DMSAuCl) (DMS=dimethylsulfide) via oxidative addition (Scheme [1](#cssc202000310-fig-5001){ref-type="fig"} c). In contrast to the already published protocol (Scheme [1](#cssc202000310-fig-5001){ref-type="fig"} b), we are using a gold precursor that allows a post‐functionalization after oxidation through chloride replacement. During the proposed reaction, pyridine via ligand exchange replaces DMS, so it works just as weakly coordinating ligand. Thus, for the synthesis of \[C\^N\^C\]Au^III^Cl complexes any pre‐functionalization step of the gold complex DMSAuCl can be avoided.

We started our investigation with an in situ activation of aniline **1 a** via diazotization, using *tert*‐butyl nitrite (*t*BuONO) and tetrafluoroboric acid (HBF~4~) in acetonitrile. Then, the photochemical step, the diazonium salt was directly subjected to the commercially available DMSAuCl in the presence of a base. An unselective reaction was observed, and no product could be isolated (Table [1](#cssc202000310-tbl-0001){ref-type="table"}, entries 1 and 2). With isolated diazonium salt **2 a**, the reaction without any base delivered a solid, but the measured proton NMR showed a mixture of several compounds (entry 3). With the sterically hindered organic Hünig base the reaction did proceed in the same manner. If sodium hydrogen carbonate was employed, the desired product 3 a was produced in traces (entry 5). The yield of **3 a** dramatically increased to 86 % when the organic base 2,6‐di‐*tert*‐butyl‐4‐methylpyridine (DTBMP) was used (entry 6). This sterically hindered pyridine base does not compete as ligand with the substrate and in addition does not decompose the diazonium salt.

###### 

Optimization of reaction conditions.^\[a\]^

  ![](CSSC-13-1986-g005.jpg "image")                          
  ------------------------------------ --------- ------------ ----------------------
  1^\[a\]^                             DMSAuCl   NaHCO~3~     unselective reaction
  2^\[a\]^                             DMSAuCl   NEt~3~       unselective reaction
  3^\[b\]^                             DMSAuCl   --           unselective reaction
  4^\[c\]^                             DMSAuCl   Hünig base   unselective reaction
  5^\[c\]^                             DMSAuCl   NaHCO~3~     traces
  6^\[c\]^                             DMSAuCl   DTBMP        86 %^\[d\]^

\[a\] Reaction conditions: aniline (**1 a**, 100 μmol), *t*BuONO (220 μmol), HBF~4~ (220 μmol), base (500 μmol), and DMSAu(I)Cl (100 μmol) in acetonitrile (1 mL, 0.1 [m]{.smallcaps}) were reacted at room temperature under irradiation with blue LEDs; \[b\] Reaction conditions: diazonium salt (**2 a**, 100 μmol) and DMSAu(I)Cl (100 μmol) in acetonitrile (1 mL, 0.1 [m]{.smallcaps}) were reacted at room temperature under irradiation with blue LEDs; \[c\] Reaction conditions: diazonium salt (**2 a**, 100 μmol), DMSAu(I)Cl (100 μmol) and base (120 μmol) in acetonitrile (1 mL, 0.1 [m]{.smallcaps}) were reacted at room temperature under irradiation with blue LEDs; \[d\] isolated yield.
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The identity of the product **3 a** was unambiguously confirmed by an X‐ray single crystal structure analysis (Figure [1](#cssc202000310-fig-0001){ref-type="fig"}, top left picture for **3 a**). An up‐scaling, starting from 602 mg (1.5 mmol) of 2‐(6‐(4‐(*tert*‐butyl)phenyl)pyridin‐2‐yl)benzenediazonium tetra‐fluoroborate, resulted in 574 mg (1.1 mmol) of **3 a** in 73 % yield. Under the optimized reaction conditions, various arenediazonium salts were converted. As shown in Table [2](#cssc202000310-tbl-0002){ref-type="table"}, arenediazonium salts with substituents of varying nature with electron‐donating and withdrawing groups on the benzene ring, underwent the oxidative addition smoothly, affording the desired \[C\^N\^C\]Au^III^Cl complexes **3 b**--**3 e** in moderate‐to‐good yields. A phenanthrene‐substituted diazonium salt was also successfully converted to a gold(III) complex **3 f**. Next, we turned our focus on substrates bearing unsymmetrically substituted arene systems, which offer two possible positions for the final CH‐activation step. Interestingly, both substrates **3 g** and **3 h** yielded only the sterically less hindered positional isomer.

![Solid‐state molecular structure of **3 a**, **3 b**, **3 f** and **3 i**. Thermal ellipsoids set at 50 % probability.[32](#cssc202000310-bib-0032){ref-type="ref"}.](CSSC-13-1986-g001){#cssc202000310-fig-0001}

###### 

Synthesis of different \[C\^N\^C\]Au^III^Cl complexes.^\[a\]^

  ![](CSSC-13-1986-g006.jpg "image")                                                                                                   
  ------------------------------------ ------------------------------------ ---------------- ---- ------------------------------------ ----
  1                                    ![](CSSC-13-1986-g007.jpg "image")   86 (73^\[b\]^)   8    ![](CSSC-13-1986-g014.jpg "image")   60
  2                                    ![](CSSC-13-1986-g008.jpg "image")   63               9    ![](CSSC-13-1986-g015.jpg "image")   78
  3                                    ![](CSSC-13-1986-g009.jpg "image")   81               10   ![](CSSC-13-1986-g016.jpg "image")   53
  4                                    ![](CSSC-13-1986-g010.jpg "image")   73               11   ![](CSSC-13-1986-g017.jpg "image")   97
  5                                    ![](CSSC-13-1986-g011.jpg "image")   76               12   ![](CSSC-13-1986-g018.jpg "image")   57
  6                                    ![](CSSC-13-1986-g012.jpg "image")   30               13   ![](CSSC-13-1986-g019.jpg "image")   --
  7                                    ![](CSSC-13-1986-g013.jpg "image")   74               14   ![](CSSC-13-1986-g020.jpg "image")   --

\[a\] Reaction conditions: diazonium salt **(2 a**--**n**, 100 μmol), DMSAu^I^Cl (100 μmol) and base (120 μmol) in acetonitrile (1 mL, 0.1 [m]{.smallcaps}) were reacted at room temperature under irradiation with blue LEDs. \[b\] Starting from 1.5 mmol.
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In case of **3 g**, an X‐ray structure analysis could be obtained. Most remarkably, the reaction also tolerated an alkyne‐substituted precursor, which delivered complex **3 i** in 78 %. This versatile functional group has never been included in this type of complexes before, which might be explained by a competing mercuration of the triple bond (Glick et al. isolated mercurated products starting from diphenylacetylenes with a yield of 75 % with mercury(II) acetate in acetic acid at room temperature) that would occur during the synthesis using the classical approach.[29](#cssc202000310-bib-0029){ref-type="ref"} Furthermore, gold complexes are excellent catalysts for the conversion of alkynes.[30](#cssc202000310-bib-0030){ref-type="ref"}, [31](#cssc202000310-bib-0031){ref-type="ref"} Our protocol also opened up a route to the C~2~‐symmetric complex **3 j**, which in most of the named publications served as the \[C\^N\^C\]Au^III^Cl precursor. To our delight, the replacement of the arene part by a thiophene ring, also led to the corresponding product **3 k** in an excellent yield of 97 %. Also, a thieno\[3,2‐b\]thiophene **3 l** was tolerated, although the yield dropped to 57 %. Complexes **3 m** and **3 n** show the limits of this synthesis. The corresponding gold complex of **3 m** was not isolable, wheres during the reaction of **3 n** elemental gold precipitated.

As already mentioned, compound **3 a** gave crystals suitable for an X‐ray single‐crystal structure analysis (Figure [1](#cssc202000310-fig-0001){ref-type="fig"}---left top picture for **3 a**). For **3 b** it was also possible to confirm this structure by a single X‐ray crystal structure (Figure [1](#cssc202000310-fig-0001){ref-type="fig"}---right top picture for **3 b**). Furthermore, for **3 g** and **3 i** crystal structure determinations were possible, too. The structure of **3 g** very nicely shows the sterically less hindered isomer of the complex (Figure [1](#cssc202000310-fig-0001){ref-type="fig"}---left down picture for **3 a**). Owing to the additional alkyne moiety in **3 i**, (Figure [1](#cssc202000310-fig-0001){ref-type="fig"}---right picture for **3 i**), this structure features the first example of a \[C\^N\^C\]gold(III) complex including a triple bond in the backbone to be characterized by X‐ray crystallography.

With the developed protocol, a direct entry to cationic \[C\^N\^C\]Au^III^(NHC) complexes not dependent on mercury‐containing reagents was achieved. By changing the gold(I) precursor, a direct mercury‐ free synthesis of anti‐cancer agents like \[C\^N\^C\]Au^III^(NHC)‐complexes now is possible. Complex **4** was isolated in a 65 % yield starting from IMesAu(I)Cl (IMes=1,3‐bis(2,4,6‐trimethylphenyl)imidazol‐2‐ylidene) and AgBF~4~ by using diazonium salt **2 k** (Scheme [2](#cssc202000310-fig-5002){ref-type="fig"} a). In the last years, amongst other things the arylation of this class of pincer compounds was achieved with boronic acids in palladium‐catalyzed reactions.[14](#cssc202000310-bib-0014){ref-type="ref"} We now developed two different applications. First, we started from a DMS‐gold(I)‐pentafluorobenzene precursor,[33](#cssc202000310-bib-0033){ref-type="ref"} which delivered complex **5** in good yield (Scheme [2](#cssc202000310-fig-5002){ref-type="fig"} b). Furthermore, we could show that at the gold(III) stage simple transmetallation with phenyl lithium is also a viable process. The reaction of complex **3 a** gave the desired product **6** in 62 % yield (Scheme [2](#cssc202000310-fig-5002){ref-type="fig"} c).

![Different applications of the oxidative addition strategy and further reaction.](CSSC-13-1986-g003){#cssc202000310-fig-5002}

A plausible mechanism that is in line with our previous reports,[24](#cssc202000310-bib-0024){ref-type="ref"}, [25](#cssc202000310-bib-0025){ref-type="ref"} is illustrated in Scheme [3](#cssc202000310-fig-5003){ref-type="fig"}. After irradiation of the diazonium salt **I** with blue‐light LED, a cationic gold(III) intermediate **II** is formed, which directly undergoes CH‐activation at the aryl ring to generate Wheland complex **III**. Rearomatization under liberation of a proton then delivers the desired \[C\^N\^C\]AuCl complex (**IV**).

![Proposed reaction mechanism.](CSSC-13-1986-g004){#cssc202000310-fig-5003}

In conclusion, an operationally simple, visible light‐mediated[34](#cssc202000310-bib-0034){ref-type="ref"} oxidative addition[35](#cssc202000310-bib-0035){ref-type="ref"} of diazonium salts to DMSAu^I^Cl, DMSAu^I^C~6~F~5~ or NHCAu^I^Cl for the synthesis of \[C\^N\^C\]gold(III) complexes, not dependent on additional photosensitizers, was developed. This technology allows the first mercury‐free synthesis of well‐defined gold complexes, opening new gates especially for medical use. The mild reaction conditions, broad scope, and upscale opportunities suggest that this method could be a useful synthetic tool for the production of gold(III) anticancer drugs and gold(III)‐based photo emitters without the generation of toxic mercury wastes.
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